Tumour necrosis factor-α-induced protein 8-like 2 (TIPE2) is a tumour suppressor in many types of cancer. However, the mechanism of action of TIPE2 on the growth of rectal adenocarcinoma is unknown. Our results showed that the expression levels of TIPE2 in human rectal adenocarcinoma tissues were higher than those in adjacent non-tumour tissues. Overexpression of TIPE2 reduced the proliferation, migration, and invasion of human rectal adenocarcinoma cells and down-regulation of TIPE2 showed reverse effects. TIPE2 overexpression increased apoptosis through down-regulating the expression levels of Wnt3a, phospho (p)-β-Catenin, and p-glycogen synthase kinase-3β in rectal adenocarcinoma cells, however, TIPE2 knockdown exhibited reverse trends. TIPE2 overexpression decreased autophagy by reducing the expression levels of p-Smad2, p-Smad3, and transforming growth factor-beta (TGF-β) in rectal adenocarcinoma cells, however, TIPE2 knockdown showed opposite effects.
Wnt/β-Catenin and TGF-β/Smad2/3 signalling pathways. TIPE2 is a potential therapeutic target for the treatment of rectal adenocarcinoma.
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| INTRODUCTION
Rectal cancer is one of the most common malignancies and its incidence is increasing rapidly throughout the world. [1] [2] [3] Adenocarcinoma has become the most common histological type of rectal cancer. 4 Rectal adenocarcinoma can be mainly stratified into four major categories, including early tumours suitable for conservative treatment, locally advanced tumours that need a major surgical procedure but are initially resectable, unresectable tumours with no distant metastases, and tumours presenting with distant metastases. 5 Over the past several decades, surgical resection, preoperative staging technique, neoadjuvant chemoradiation therapy, and new adjuvant therapy have been widely used in the treatment of rectal adenocarcinoma. [6] [7] [8] However, tumour recurrence and metastasis are virtually inevitable and are a major cause of death in patients with rectal adenocarcinoma. 9 It is urgent to clarify the molecular target involved in the development of rectal adenocarcinoma, which will improve the therapeutic effect of the disease.
Tumour necrosis factor (TNF)-α-induced protein 8 (TNFAIP8, also known as TIPE) family consists of four members, including TNFAIP8, TIPE1, TIPE2, and TIPE3. 10 TIPE2 is firstly identified as a gene abnormally expressed in the inflamed spinal cord of mice with experimental autoimmune encephalomyelitis. 11 The high-resolution crystal structure
indicates that TIPE2 possesses a large, hydrophobic central cavity, which appears to be a mirror image of the death effector domain.
12
TIPE2 is an important negative regulator of immune and inflammation homeostasis, which is closely associated with cancer development and progression. [13] [14] [15] A number of studies have shown that TIPE2 could act as a tumour suppressor in many different types of cancer, such as osteosarcoma, 16 gastric carcinoma, 17 prostate carcinoma, 18 esophageal carcinoma, 19 hepatocellular carcinoma, 20 and breast carcinoma. 21 However, its roles and molecular mechanisms underlying rectal adenocarcinoma progression have not yet been elucidated.
In the present study, we initially examined the expression levels of TIPE2 in human rectal adenocarcinoma specimens. We then investigated the mechanism of action of TIPE2 on the proliferation, migration, and invasion of human rectal adenocarcinoma cells. We further examined the effects of TIPE2 on tumour growth and angiogenesis in nude mice xenografted with human rectal adenocarcinoma. 
| MATERIALS AND METHODS

| Tissue samples
| Evaluation of immunohistochemical staining
The immunohistochemical staining results were independently evaluated by two experienced pathologists. Staining results were semiquantitatively scored based on both the staining intensity (0, negative; 1, weak; 2, moderate; 3, strong) and the percentage of positively stained cells (0, 0%; 1, 1%-25%; 2, 26%-50%; 3, 51%-75%;
4, 76%-100%). The two scores for each specimen were combined to come up with a final TIPE2 expression score. The sum of the scores were defined as follows: 0-3, low expression; 4-7, high expression. 23 
| Cell culture
Human rectal adenocarcinoma cell lines HR8348 and SW837 were purchased from Shanghai HonSun Biological Technology Co., Ltd.
(Shanghai, China) and Shanghai EK-Bioscience Biotechnology Co., Ltd. (Shanghai, China), respectively. HR8348 cells were cultured in RPMI1640 medium supplemented with 10% foetal bovine serum (FBS), 100 U/mL penicillin, and 100 µg/mL streptomycin. SW837 cells were cultured in L15 medium supplemented with 10% FBS, 100 U/mL penicillin, and 100 µg/mL streptomycin. Cells were grown in an incubator with a humidified atmosphere of 95% air and 5% CO 2 at 37˚C.
| Overexpression and knockdown of TIPE2
Human TIPE2 complementary deoxyribonucleic acid (cDNA) (NM_ 
| Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was extracted from cells using TRIzol reagent, treated with DNase, and purified using an RNA clean-up kit (Cwbiotech, Beijing, China). Total RNA (1 μg) was reverse transcribed to generate cDNAs by using a cDNA reverse transcription kit (Cwbiotech, Beijing, China). According to the primer design principles, the primers for TIPE2 were designed: forward 5'-GTGACTGACCACATACCCCA- 
| Colony formation assay
Cells were seeded in 6-well plates at a density of 5 × 10 2 cells per well and cultivated in culture medium for 2 weeks. The colonies were washed with phosphate-buffered saline (PBS) buffer for three times before subjected to cell fixation using methanol (1 mL) for 15 minutes at room temperature. Then, 1 mL of crystal violet was added into each well and incubated for 30 minutes at room temperature. Plates were gently washed with deionized water thoroughly and dried in air at room temperature. Finally, plates were scanned for counting the number of colonies.
| Wound healing assay
Confluent cells were scratched with a sterile micropipette tip to cre- F I G U R E 2 Effects of TIPE2 on the proliferation and viability of human rectal adenocarcinoma cells. A, Fluorescence microscopy of TIPE2 in HR8348 and SW837 cells; original magnification 100×. B, The expression level of TIPE2 mRNA was examined by RT-PCR. C, The protein expression of TIPE2 was examined by Western blotting. GAPDH was used as the loading control. D, The densitometry analysis of TIPE2 was performed, normalized to the corresponding GAPDH level. E, DNA replication activities of HR8348 and SW837 cells in each group were examined by EdU assay; original magnification 100×. F, The proliferation rate of each group was analysed. G, The percentages of viable cells were determined using MTS assay and the cell viability of the control group was taken as 100%. H, The clonogenic capacity was determined in HR8348 and SW837 cells. I, The numbers of colonies were calculated. Data are presented as mean ± SEM of three independent experiments; *P < 0.05, **P < 0.01 compared with the Mock group; # P < 0.05, ## P < 0.01 compared with the sh-Scb group.
| Soft agar assay
Cells were suspended in 0.6% agarose and medium containing 10% FBS, and the mixture was seeded in 6-well plates (1 × 10 4 cells/well) containing a basal layer of 1.2% agarose. The medium was replaced twice a week. After two weeks, colonies were photographed under an Olympus CKX41 microscope. Colonies larger than 0.1 mm in diameter were counted.
| Migration and invasion assays
For migration and invasion assays, 1 × 10 5 cells were seeded in serum-free medium and added on the upper chamber uncoated or coated with Matrigel (BD Biosciences, San Jose, CA, USA). In the lower chamber, 500 µL medium containing 10% FBS was added.
After incubation for 24 hours, the remaining cells were scrubbed off with cotton swabs, while cells on the bottom surface of the membrane were fixed with 4% paraformaldehyde and then stained with 0.1% crystal violet. The cell number was counted under a Zeiss Axioskop 2 plus microscope (Carl Zeiss, Thornwood, NY, USA).
| TdT-mediated dUTP-biotin nick end labelling assay
TdT-mediated dUTP-biotin nick end labelling (TUNEL) staining was 
| Western blotting
Total protein was extracted from HR8348 and SW837 cells. Western blotting was performed to detect the expression of target proteins. The primary antibodies including anti-β-catenin, anti-phospho 
| Hematoxylin and eosin staining
After the mice were sacrifice, a necropsy examination was immediately performed. Tumour samples were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 μm thickness, and stained with hematoxylin and eosin (HE). Tumour tissues were observed with a Zeiss Axioskop 2 plus microscope. 
| IHC and evaluation
| Statistical analysis
Data are presented as mean ± SEM. The differences between multiple groups were analysed by one-way analysis of variance using SPSS 17.0 software, followed by Tukey's test. A P value of less than 0.05 was considered to be statistically significant. (Table 1) . Interestingly, TIPE2
expression was found to be associated with disease grade of rectal adenocarcinoma. All these data suggest that TIPE2 could serve as a promising biomarker for the diagnosis and prognosis of rectal adenocarcinoma and may act as a growth regulator in human rectal adenocarcinoma cells.
| TIPE2 mediates the proliferation and viability of human rectal adenocarcinoma cells
To further determine the effects of TIPE2 on the growth of human rectal adenocarcinoma cells, TIPE2 overexpression and knockdown experiments were conducted. Transfection of TIPE2 into HR8348
and SW837 cells resulted in increased expression of TIPE2 and transfection of sh-TIPE2 decreased the expression of TIPE2 in both HR8348 and SW837 cells (Figure 2A) . Furthermore, the mRNA and protein levels of TIPE2 showed similar trends ( Figure 2B-D) . The results suggest that TIPE2 overexpression and knockdown experiments have been successfully conducted. As shown in Figure 2E and 
| TIPE2 mediates the migration and invasion of human rectal adenocarcinoma cells
In scratch migration assay, TIPE2 overexpression reduced the migration capabilities of HR8348 and SW837 cells and TIPE2 knockdown showed reverse trends ( Figure 3A and B). In soft agar assay, overexpression of TIPE2 attenuated the anchorage-independent growth of HR8348 and SW837 cells, whereas reverse effects were observed in sh-TIPE2 group ( Figure 3C and D) . Transwell analysis showed that the migration and invasion capacities of HR8348 and SW837 cells were reduced in TIPE2 group, while the sh-TIPE2 group exhibited reverse trends ( Figure 3E-H) . Taken together, these results show that TIPE2 plays an important role in regulating the migration and invasion of human rectal adenocarcinoma cells.
F I G U R E 4
Effects of TIPE2 on the apoptosis and Wnt/β-Catenin signalling pathway in human rectal adenocarcinoma cells. A, The apoptotic levels of HR8348 and SW837 cells were measured by TUNEL staining; original magnification 100×. B, The percentages of TUNEL-positive cells were calculated by the formula shown above. C, Western blotting analysis for the expression of cleaved caspase-3 and cleaved PARP in HR8348 and SW837 cells. GAPDH was used as the loading control. D, E, The densitometry analyses of cleaved caspase-3 and cleaved PARP were performed in HR8348 and SW837 cells, normalized to the corresponding GAPDH level. F, Western blotting analysis for the expression of Wnt3a, p-β-catenin, β-catenin, p-Gsk-3β, and Gsk-3β in HR8348 and SW837 cells. GAPDH was used as the loading control. G, H The densitometry analyses of Wnt3a, p-β-catenin, β-catenin, p-Gsk-3β, and Gsk-3β were performed in HR8348 and SW837 cells, normalized to the corresponding GAPDH level. Data are presented as mean ± SEM of three independent experiments; *P < 0.05, **P < 0.01 compared with the Mock group; # P < 0.05, ## P < 0.01 compared with the sh-Scb group.
| TIPE2 modulates apoptosis through the Wnt/ β-Catenin signalling pathway in human rectal adenocarcinoma cells
As shown in Figure 4A and B, the apoptotic index increased in the TIPE2 group compared with the Mock group and decreased in the sh-TIPE2 group compared with the sh-Scb group. In addition, the protein levels of cleaved caspase-3 and cleaved PARP in human rectal adenocarcinoma cells exhibited similar trends (Figure 4C-E) . It has been shown that the Wnt/β-Catenin pathway regulates the expression of a number of genes involved in apoptosis and GSK-3β plays an important role in Wnt/β-Catenin signalling pathway. 31, 32 . As shown in Figure 4F -H, the expression levels of Wnt3a, p-β-Catenin, and p-Gsk-3β in the TIPE2 group were lower than those in the Mock group, however, the expression levels of these proteins in the sh-TIPE2 group were higher than those in the sh-Scb group. These results together suggest that TIPE2 could modulate apoptosis through the Wnt/β-Catenin signalling pathway in human rectal adenocarcinoma cells.
| TIPE2 modulates autophagy through the TGF-β/Smad2/3 signalling pathway in human rectal adenocarcinoma cells
Autophagy is a multistep cellular process by which cellular materials are delivered to lysosomes for degradation and recycling. 33 Autophagy is involved in cellular homeostasis, development, physiology, and abnormalities in autophagy may result in many pathophysiological conditions. 34 LC3, Beclin 1, and p62 play key roles in the process of autophagy and have been considered specific autophagic markers. 35, 36 As shown in Figure 5A -C, the protein levels of Beclin 1 and LC3 in the TIPE2 group were lower than those in the Mock group, whereas the expression levels of these two proteins were higher in the sh-TIPE2 group than those in the sh-Scb group. Furthermore, the expression levels of P62 showed reverse trends. TGF-β is an important regulator of the autophagy in a variety of cell types. 37 As canonical effectors of TGF-β signalling, Smad2/3 have also been
shown to control autophagy. 38 As shown in Figure 5D -F, the protein levels of p-Smad2, p-Smad3, and TGF-β in the TIPE2 group were lower than those in the Mock group, whereas the expression levels of these proteins in the sh-TIPE2 group were higher than those in the sh-Scb group. Collectively, the results indicate that TIPE2 could modulate autophagy through the TGF-β/Smad2/3 signalling pathway in human rectal adenocarcinoma cells.
| TIPE2 regulates the growth and angiogenesis of human rectal adenocarcinoma xenograft tumours in nude mice
HR8348 and SW837 cells have been adopted to establish subcutaneous xenograft models. 39, 40 Then the effects of TIPE2 on the growth of rectal adenocarcinoma xenograft tumours were deter- 
| DISCUSSION
TIPE2 has recently been considered a key negative regulator of immune and inflammation homeostasis, which is closely associated with cancer development and progression. [13] [14] [15] The expression levels of TIPE2 in normal tissues and tumours are of high specificity in both humans and mice. It has been demonstrated that TIPE2 protein expression is very weak in rectum and is not detected or weakly expressed in most human carcinoma cell lines. 41, 42 Another study has shown that TIPE2 expression is higher in colon cancer tissues compared to normal controls and it is related with lymph node metastasis and Dukes stage of colon cancer. 43 Our results indicated that TIPE2 expression was higher in rectal adenocarcinoma tissues compared to adjacent nontumour tissues. In addition, TIPE2 expression was found to be associated with disease grade of rectal adenocarcinoma. Based on these findings, we can draw the conclusion that TIPE2 expression is high in colorectal cancer tissues and low in adjacent nontumour tissues, suggesting that TIPE2 could be a promising biomarker for the diagnosis and prognosis of colorectal cancer and may play a role in the development and procession of colorectal cancer.
An increasing number of studies have demonstrated that TIPE2
is a tumour suppressor in many types of cancer. [16] [17] [18] [19] [20] [21] However, the F I G U R E 5 Effects of TIPE2 on the autophagy and TGF-β/Smad2/3 signalling pathway in human rectal adenocarcinoma cells. A, Western blotting analysis for the expression of Beclin-1, LC3A/B, and P62 in HR8348 and SW837 cells. GAPDH was used as the loading control. B, C, The densitometry analyses of Beclin-1, LC3A/B, and P62 were performed in HR8348 and SW837 cells, normalized to the corresponding GAPDH level. D, Western blotting analysis for the expression of p-Smad2, Smad2, p-Smad3, Smad3, and TGF-β in HR8348 and SW837 cells. GAPDH was used as the loading control. E, F, The densitometry analyses of p-Smad2, Smad2, p-Smad3, Smad3, and TGF-β were performed in HR8348 and SW837 cells, normalized to the corresponding GAPDH level. Data are presented as mean ± SEM of three independent experiments; *P < 0.05, **P < 0.01 compared with the Mock group; # P < 0.05, ## P < 0.01 compared with the sh-Scb group.
mechanisms of action of TIPE2 on the growth of rectal adenocarcinoma are still unknown. The human rectal adenocarcinoma cell lines HR8348 and SW837 have been widely used as cellular models to study the intracellular mechanisms of action of therapeutic agents. 39, 40, 44 In the present study, HR8348 and SW837 cells were used to evaluate the effects of TIPE2 both in vitro and in vivo and A recent study has shown that TIPE2 overexpression could induce cell death and inhibit Ras-mediated tumourigenesis in mice. 10 In addition, deregulation of TIPE2 is found to promote the essential hallmarks of cancer such as survival, proliferation, invasion, migration, and metastasis. 15 Similarly, our results showed that TIPE2 overexpression reduced the proliferation and viability, as well as decreased the migration and invasion capabilities of HR8348 and SW837 cells, whereas TIPE2 knockdown exhibited completely opposite effects, indicating that TIPE2 plays important roles in the growth, migration, and invasion of human rectal adenocarcinoma cells.
Apoptosis, or programmed cell death, is a critical process for the development and maintenance of cellular homeostasis in multicellular organisms. 45 There are two major pathways leading to apoptosis in the mammalian system: an intrinsic pathway that occurs through the mitochondria and an extrinsic pathway initiated by death receptors. 46 Caspases can be activated in response to diverse apoptotic stimuli and PARP is further cleaved by activated caspase-3, thus leading to the occurrence of apoptotic cascade. 26 It has been reported that the adenovirus expressing human TIPE2 could obviously up-regulate the expression levels of Bcl-2-associated X protein, cleaved caspase-3, 9, and PARP in AGS human gastric cancer cells. 47 Our results showed that TIPE2 overexpression significantly increased the apoptotic index and protein expressions of cleaved caspase-3
and PARP, whereas TIPE2 knockdown remarkably decreased the apoptotic levels, suggesting that TIPE2 could mediate mitochondriamediated pathway in human rectal adenocarcinoma cells. Wnt/β-Catenin pathway regulates the expression of many genes involved in apoptosis and GSK-3β plays a key role in Wnt/β-Catenin signalling pathway. 31, 32 Another study has shown that TIPE2 could suppress progression and tumourigenesis of esophageal carcinoma via inhibition of the Wnt/β-catenin pathway. 19 Similarly, our results indicated that the expression levels of Wnt3a, p-β-Catenin, and p-Gsk-3β in the TIPE2 group were lower than those in the Mock group. However, higher expression levels of these proteins have been observed in the sh-TIPE2 group when compared to the sh-Scb group. Therefore, we can conclude that TIPE2 modulates apoptosis through the Wnt/β-Catenin signalling pathway in human rectal adenocarcinoma cells.
Autophagy is a highly conserved evolutionary process by which cellular materials are delivered to lysosomes for degradation, resulting in the basal turnover of cell components and providing energy and macromolecular precursors. 33, 48 In some contexts, autophagy can suppress tumourigenesis, whereas in most contexts autophagy facilitates tumourigenesis. 49 Furthermore, it has been shown that tumours are more autophagy-dependent than normal tissues. Therefore, autophagy inhibition may be an effective way for cancer therapy. 50 The results indicated that TIPE2 overexpression decreased the autophagy level compared with the Mock group, and TIPE2 suppression showed reverse effects compare to the sh-Scb group.
TGF-β, a multifunctional cytokine, could activate autophagy in many human cancer cells. [51] [52] [53] As transcriptional mediators of TGF-β signalling, Smad2/3 have also been shown to control autophagy. 38, 54 Our results showed that TIPE2 overexpression reduced the protein levels of p-Smad2, p-Smad3, and TGF-β compared to the Mock group, whereas TIPE2 knockdown promoted the expression levels of these proteins compare to the sh-Scb group. These results demonstrate that TIPE2 could modulate autophagy through the TGF-β/ Smad2/3 signalling pathway in human rectal adenocarcinoma cells.
Recent studies indicate that HR8348 and SW837 cells have been used to establish subcutaneous xenograft models. 39, 40 We therefore determined the effects of TIPE2 on the growth of rectal adenocarcinoma xenograft tumours in BALB/c nude mice. TIPE2 overexpression notably reduced the growth of rectal adenocarcinoma xenograft tumours, whereas TIPE2 knockdown markedly promoted tumour growth. Ki67, a nuclear nonhistone protein, is expressed by proliferating cells in all phases of the active cell cycle. 55 The expression level of Ki67 is closely associated with the proliferation, invasiveness, and clinical outcome of a number of malignant tumours. 56 Ki67
is regarded as an important proliferative marker and has been widely adopted in determining the proliferation of cancer cells. 26, 55, 56 In line with the in vitro findings, the results showed that the expression of Ki67 was decreased in the TIPE2 group and increased in the sh-TIPE2 group. CD31 has been considered an ideal biomarker for vascular endothelial cells and its density is generally represented by the tumour MVD. 26, 30 The results indicated that TIPE2 overexpression reduced the expression of CD31, while TIPE2 knockdown promoted the expression of CD31 in rectal adenocarcinoma xenograft tumours, suggesting that TIPE2 could regulate the growth of human rectal adenocarcinoma xenograft tumours by mediating angiogenesis.
In conclusion, our results demonstrate that TIPE2 can be detected in human rectal adenocarcinoma cells and the expression levels of TIPE2 in human rectal adenocarcinoma tissues are higher than those in adjacent nontumour tissues. Furthermore, the present study indicates that TIPE2 could mediate the proliferation, migration, and invasion of human rectal adenocarcinoma cells through Wnt/β-Catenin and TGF-β/Smad2/3 signalling pathways. Considering its role in the developmental process of human rectal adenocarcinoma cells, TIPE2 could be a potential therapeutic target for advanced and recurrent human rectal adenocarcinoma.
